The accuracy of detection and identification of low-concentration M proteins using capillary zone electrophoresis/immunosubtraction (CZE/IS) plots was systematically studied. To this end, 49 CZE plots (protein spectra; session I) and CZE/IS plots (spectra with corresponding immunosubtraction plots; session II) were judged by participants from 12 Dutch laboratories. Plots were based on mixed sera with a low concentration (0.4, 1 or 4 g/L) of one M protein, as well as normal sera, sera with an oligoclonal or polyclonal increase in immunoglobulins, and sera containing free monoclonal light chains.
Introduction
Capillary zone electrophoresis/immunosubtraction (CZE/IS) is an automated method for immunotyping monoclonal components (M proteins) in serum. Despite its good analytical quality and wide availability, 1 CZE/IS is not applied frequently in Dutch clinical hospital laboratories. CZE/IS patterns have been found to be particularly di⁄cult to interpret in the case of a high polyclonal immunoglobulin background or co-migration of the M protein with other peaks, especially at low concentrations (o5 g/L). 1, 2 Dutch guidelines (CBO) 3 state that M proteins should be detected and identi¢ed correctly at concentrations of 0.5--1g/L. Since it is the visual interpretation that is important in the detection and identi¢cation of M proteins, our multicentre study focused on the accuracy with which low concentrations of M proteins (0.4--4 g/L) of di¡erent immunotypes could be detected (CZE plots) and identi¢ed (CZE/IS plots) correctly by a panel of carefully instructed observers.
Material and methods

Normal and patient serum samples
Normal sera (n ¼ 4) were obtained by pooling sera from 20 blood bank donors. In addition, we obtained sera from patients with a free monoclonal light chain disease (n ¼ 4: M protein 1--2.5 g/L with g fraction 4--8 g/L) or an oligoclonal (n ¼ 2) or polyclonal (n ¼ 3) increase in immunoglobulins. Pathological sera from 12 patients, representing the six common immunotypes, with one sharply de¢ned M protein peak (19--60 g/L), were selected. M proteins were selected on the basis of di¡erences in their position in the spectrum. These 12 sera were diluted with normal serum in order to obtain mixed sera with ¢nal M protein concentrations of 0.4,1 and 4 g/L. In this way, a total of 49 serum samples were obtained.
Capillary zone electrophoresis and immunosubtraction
CZE plots and IS plots were obtained by, respectively, CZE and IS (Paragont system; Beckman Coulter, Brea, CA, USA) of the sera, performed according to the manufacturers' instructions.
Study
Forty-nine CZE and IS plots were obtained from the sera. The plots were judged in two sessions (I and II) by 16 well-trained, independent participants (clinical chemists or laboratory technicians) from 12 clinical chemistry laboratories in Dutch hospitals.
In session I, CZE participants had to judge plots to be'normal'or 'suspect', in order to establish the detection accuracy (i.e. the percentage of participants correctly judging one plot). 'Suspect' included all patterns except those that appeared normal. In session II, 49 CZE plots and the corresponding IS plots were presented together in random order. In addition to detection, participants were asked to identify and immunotype abnormalities if the protein spectrum was judged 'suspect'.
Statistics
Statistical analyses were performed using Prism 3.0 (GraphPad software, San Diego, CA, USA).
Results and discussion
In session I, the majority of the participants detected M proteins at 4 g/L (Table 1) . At 1g/L, only six of the 12 (6/12) M proteins (in this case IgG and IgMl) were detected with an accuracy of 485%. At 0.4 g/L, the majority of participants failed to detect the M protein, except for two IgGs. The M proteins with the lowest detection rates were those in the b and slow-migrating g fractions (data not shown). Figure 1 illustrates two M proteins with major di¡erences in detection accuracy. Immunosubtraction slightly improved the detection accuracy of M proteins ( Table 1 , ÀIS versus þ IS), especially at 0.4 g/L. Identi¢cation (session II) paralleled detection at 1 and 4 g/L; 92% of detected abnormalities were correctly identi¢ed. At 0.4 g/L, only 63% were identi¢ed correctly after being detected in the CZE/IS plots.
Normal sera and sera containing free monoclonal light chains were correctly detected and identi¢ed. Abnormalities due to polyclonal immunoglobulins were not always discriminated from normal plots. In one case, abnormalities due to oligoclonal immunoglobulins were mistaken for an M protein.
Detection of M proteins is an important observation in the diagnosis of several pathologies. Although CZE/ IS is a method with good analytical quality, the detection limit and identi¢cation of M proteins depend on the interpreter's judgement. Although Dutch guidelines 3 recommend a detection limit of 0.5--1g/L, several authors 1,2,4 have indicated that M protein concentrations below 5 g/L are hard to identify by CZE/IS. By selecting a random panel of participants and by composing our plots (samples) so as to represent the most common immunotypes at low concentrations, we tried to obtain a representative impression of the average detection limits achieved by trained participants when detecting and identifying low concentrations of M proteins by CZE/IS. Our data indicate that at concentrations below 4 g/L, M proteins become increasingly hard to detect and identify correctly. IgG was most accurately detected and identi¢ed, followed by IgM and IgA.
Detection limits might be lower in pathological samples (because of the absence of the polyclonal background due to mixing with pooled serum). This situation is re£ected by the sera with free monoclonal light chains (low concentration of M protein, high detection accuracy). The question remains, however, whether the Dutch guidelines 3 can be met. We conclude that M proteins detected in CZE plots (at 1 and 4 g/L) were immunotyped correctly with IS in 92% of cases; Bossuyt 5 reported similar percentages.
Although the detection limits recommended by Dutch guidelines were not met for CZE/IS in the present study, we conclude, like Henskens, 6 that CZE is a useful method for detection of M proteins in concentrations above 4 g/L. If, however, a lower detection limit is clinically desired (in the case of amyloidosis or neuropathy) and the CZE plot is negative or dubious for an M protein, we would recommend using a more sensitive method than CZE/IS. 4 
